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ABSTRACT 


Background: C-reactive protein (CRP) and procalcitonin (PCT) are useful diagnostic tools used to estimate 
the risk of bacterial infection and the severity of the infection. The accurate diagnosis of bacterial infection is 
crucial to avoid unnecessary antibiotic use and to focus on the appropriate therapy. 

Aim of the work: this study aimed to summarize the sensitivity and specificity of both PCT and CRP and 


their serum levels as markers in bacterial infection 


Methods: scientific websites were used to search for articles such as Pubmed and Google Scholar. Several 
keywords were used to obtain all possible articles about the subject. 
Conclusion: overall accuracy of PCT markers is higher than that of CRP markers in differentiation of 


bacterial infections 
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INTRODUCTION 

Bacterial infection is primarily a clinical 
concept that may require the use of supportive 
bedside or laboratory tests to confirm or exclude. 
There are two broad factors that are always 
necessary to confirm the diagnosis: inflammation 
or systemic dysfunction and direct or indirect 
evidence of a compatible bacterial pathogen. 
Inflammation may be localized or result in a 
systemic inflammatory response syndrome 
(SIRS). However, these definitions have recently 
been criticized; e.g. in one study of >100 000 
patients with confirmed infection and organ 


failure, 12% did not meet the criteria for SIRS"! 


MATERIALS AND METHODS 

In the current review, we used the internet to 
get the articles related to our subject, we used 
several key words like prolactonin, C - reactive 
protein, markers, bacterial infection. Scientific 
web sites were used for researching for articles 
such as Pubmed, Google Scholar and research 
Gate. We obtained 23 articles between 1992-2017. 


Bacterial infection and Sepsis 

Bacterial infection can cause sepsis ”!. Sepsis 
with acute organ dysfunction, namely severe 
sepsis is a major threat to life ?*!, Early institution 
of an appropriate antimicrobial regimen in 
infected patients is associated with a better 
outcome "! and hence early diagnosis of bacterial 
infection is of primary importance. However, 
some patients with an infection have minimal or 
even no symptoms or signs. Not all patients who 
had septic demonstrated an infection and the 
widespread administration of antibiotics to all 
these patients carries problems of antibiotic 
resistance, of drug toxicity and of increased 
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medical costs. There is a need for an effective and 
accurate biochemical marker to support, or 
exclude the diagnosis of infection. 


Bacterial resistance 

Emerging bacterial resistance to antimicrobial 
therapeutics calls for more stringent efforts to 
reduce antibiotic overuse * Towards this aim, 
there has been considerable interest in antibiotic 
stewardship programs aimed to reduce antibiotic 
overuse by tailoring antibiotic therapy to 
individual needs of patients '* ™ Despite the 
successful implementation of diagnostic 
biomarkers in different fields of medicine (for 
example, D-dimers in pulmonary embolism, 
natriuretic peptides in acute heart failure, troponin 
in myocardial infarction), accurate and timely 
diagnosis of bacterial infections remains a 
challenge '! Reliable clinical and/or 
microbiological parameters from easy to obtain 
specimens that may be used to diagnose bacterial 
infections and rule out other infections not in need 
of antibiotic therapy have been largely lacking. 

The main disadvantages of many current 
microbiological methods are diagnostic delays 
(for example, culture methods), suboptimal 
sensitivity (for example, blood cultures) and low 
specificity due to contamination (for example, 
sputum cultures), whereas others are not amenable 
to routine diagnostics due to their invasive nature 
(for example, lung biopsy). 


Serum Procalcitonin and C - reactive Protein 
Level as Markers of Bacterial Infection 

Among several markers of inflammation and 
sepsis, procalcitonin (PCT) and C-reactive protein 
(CRP) markers are being studied to investigate 
their accuracy for the diagnosis of bacterial 


Serum Procalcitonin and C-reactive Protein... 


infections. 

CRP is an acute-phase reactant and CRP level 
measurements are frequently used to aid in the 
diagnosis of bacterial infections. CRP is 
synthesized by the liver within 4-6 h after 
stimulation and peaking only after 36 h, mainly in 
response to IL-6, which is produced not only 
during infection but also in many types of 
inflammation "°! and binds to polysaccharides in 
pathogens, activating the classical complement 
pathway. 

It lacks specificity for bacterial infections 
This is partly explained by the heterogeneity of 
different infections and the complex interaction of 
different pro- and anti-inflammatory mediators of 
the host response aimed at combating invading 
pathogens during systemic infections, which 
depend on timing, type, extent and site of the 
underlying infection.Therefore, the common 
problem for CRP is its nonspecific nature and the 
correlation between CRP and the severity of 
disease is not always clear "> On the other 
hand, there is a great interest in procalcitonin 
(PCT) as a potentially more specific marker for 
bacterial infection. It is a polypeptide present 
normally in the plasma in minimal levels (< 0.5 
ng/ml). PCT is produced widespread in response 
to endotoxin or mediators released in response to 
bacterial infections (including interleukin (IL)-1f, 
tumor necrosis factor (TNF)-a and IL-6) and 
strongly correlate with extent and severity of 
bacterial infections '“!. PCT secretion begins 
within 4 h after stimulation and peaks at 8 h "4191, 
Since up-regulation of PCT is attenuated by 
interferon (INF)-y, a cytokine released in response 
to viral infections, PCT is more specific for 
bacterial infections and may help to distinguish 
bacterial infections from viral illnesses "” 7", 

In a meta-analysis done to evaluate the 
specificity and sensitivity of PCT vs CRP, it was 
found that PCT markers had significantly higher 
accuracy than do CRP markers for discriminating 
bacterial infections from non-infective causes of 
inflammation”"" Sensitivity for PCT markers was 
88%, compared to 75% for CRP markers. 
Specificity for PCT markers was 81% which was 
also higher than for CRP markers that was 67% 


[21] 
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Also, evaluating diagnostic markers for 
bacterial infections versus viral infections. PCT 
markers were also found significantly better than 
CRP markers at differentiating bacterial infections 
from viral infections. Sensitivity for PCT markers 
was 92%, compared with 86% for CRP markers, 
However, specificities were comparable 73%vs. 
70% for PCT vs. CRP markers respectively 
21 For the diagnosis of blood stream infections 
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and bacteremia, studies found a high diagnostic 
performance of PCT ?4l, To distinguish blood 
contamination from true blood stream infection in 
patients with growth of coagulase-negative 
staphylococci in their blood cultures, PCT 
demonstrated a better discriminatory ability 
compared to WBC and CRP ””!. At a cut-off of 0.1 
ug/L, PCT had a very high sensitivity to exclude 
true infection. Two other studies, focused on the 
use of PCT to predict bacteremia infections in 
patients with CAP P’! and urinary tract infections 
(UTP ™l.In UTIs, evidence for the utility of PCT 
comes primarily from the pediatric literature, 
where it has a similar sensitivity but superior 
specificity compared to CRP for the prediction of 
pyelonephritis in children with febrile UTIs 
BSI Also, PCT was related to the appearance and 
severity of bacterial infection in ICU patients. 
Thus, PCT might be an interesting parameter for 
the diagnosis of bacterial infections in ICU 
patients °% Few studies have investigated the use 
of PCT in intra-abdominal infections PS *4 While, 
PCT showed promise as a marker to exclude 
perforation and ischemia in obstructive bowel 
syndrome P", the utility in acute appendicitis P”! 
and pancreatitis °" *4! was limited and PCT was 
more helpful as a prognostic marker for severe 
disease and adverse outcome.Therefore, based on 
the several studies done before and the results 
reported, we observed that PCT levels were more 
accurate markers for bacterial infection than were 
CRP levels. 


CONCLUSION 

We can conclude that the overall accuracy of 
PCT markers is higher than that of CRP markers 
in differentiation of bacterial infections. Although 
the cost of performing an assay for determination 
of PCT levels is double that for determination of 
CRP levels, the differences in accuracies is 
sufficiently great for PCT markers to be 
considered for widespread use in clinical practice. 


REFERENCES 

1. Kaukonen KM, Bailey M, Pilcher D, Cooper DJ 
and Bellomo R)2015): Systemic inflammatory 
response syndrome criteria in defining severe sepsis. 
New England Journal of Medicine, 23 (17):1629-1638. 
2. American College of Chest Physicians (1992): 
Definitions for sepsis and organ failure and guidelines 
for the use of innovative therapies in sepsis. Crit. Care. 
Med., 20:864-874. 

3. Angus DC, Linde-Zwirble WT, Lidicker J, 
Clermont G, Carcillo J, Pinsky MR(2001): 
Epidemiology of severe sepsis in the United States: 
analysis of incidence, outcome, and associated costs of 
care. Critical care medicine, 29(7):1303-10. 

4. Kollef MH, Sherman G, Ward S, Fraser 


Fahad Hakami 


VJ(1999): Inadequate antimicrobial treatment of 
infections: a risk factor for hospital mortality among 
critically ill patients. Chest, 115(2):462-74. 

5. Whitney CG, Farley MM, Hadler J, Harrison 
LH, Lexau C, Reingold A, Lefkowitz L, Cieslak PR, 
Cetron M, Zell ER, Jorgensen JH(1999): Increasing 
prevalence of multidrug-resistant Streptococcus 
pneumoniae in the United States. New England Journal 
of Medicine,343(26):1917-24. 

6. Roberts RR, Hota B, Ahmad I, Scott RD, Foster 
SD, Abbasi F, Schabowski S, Kampe LM, Ciavarella 
GG, Supino M, Naples J(2009): Hospital and societal 
costs of antimicrobial-resistant infections in a Chicago 
teaching hospital: implications for antibiotic 
stewardship. Clinical infectious diseases,49(8):1175- 
84. 

7. Ohl CA, Luther VP(2011): Antimicrobial 
stewardship for inpatient facilities. Journal of hospital 
medicine, 1;6(S1). 

8. Lee TH, Goldman L(2000): Evaluation of the 
patient with acute chest pain. New England Journal of 
Medicine,342(16):1187-95. 

9. Agnelli G, Becattini C(2010): Acute pulmonary 
embolism. New England Journal of 
Medicine,363(3):266-74. 

10. Ridker PM(2007): Clinical application of C- 
reactive protein for cardiovascular disease detection 
and prevention. Circulation, 107(3):363-9. 

11. Miller B, Harbarth S, Stolz D, Bingisser R, 
Mueller C, Leuppi J, Nusbaumer C, Tamm M, 
Christ-Crain M(2007): Diagnostic and prognostic 
accuracy of clinical and laboratory parameters in 
community-acquired pneumonia. BMC infectious 
diseases,7(1):10. 

12. Carlet J(1999): Rapid diagnostic methods in the 
detection of sepsis. Infectious Disease 
Clinics, 13(2):483-94. 

13. Ugarte H, Silva E, Mercan D, De Mendonca A, 
Vincent JL(1999): Procalcitonin used as a marker of 
infection in the intensive care unit. Critical care 
medicine,27(3):498-504. 

14. Nijsten MW, Olinga P, de Vries EG, Koops HS, 
Groothuis GM, Limburg PC, Henk J, Moshage H, 
Hoekstra HJ, Bijzet J, Zwaveling JH(2000): 
Procalcitonin behaves as a fast responding acute phase 
protein in vivo and in vitro. Critical care 
medicine,28(2):458-61. 

15. Dandona P, Nix D, Wilson MF, Aljada A, Love J, 
Assicot M, Bohuon CL(1994): Procalcitonin increase 
after endotoxin injection in normal subjects. The 
Journal of Clinical Endocrinology & 
Metabolism,79(6): 1605-8. 

16. Brunkhorst FM, Heinz U, Forycki ZF(1998): 
Kinetics of procalcitonin in iatrogenic sepsis. Intensive 
care medicine,24(8):888-9. 

17. Gogos CA, Drosou E, Bassaris HP, Skoutelis 
A(2000): Pro-versus  anti-inflammatory cytokine 
profile in patients with severe sepsis: a marker for 
prognosis and future therapeutic options. The Journal 
of infectious diseases, 181(1):176-80. 

18. Christ-Crain M, MuLLER ~~ BE(2005): 
Procalcitonin in bacterial infections-hype, hope, more 


2216 


or less?. Swiss medical weekly, 135(31-32):45 1-60. 

19. Christ-Crain M, Müller B(2007): Biomarkers in 
respiratory tract infections: diagnostic guides to 
antibiotic prescription, prognostic markers and 
mediators. European Respiratory Journal,30(3):556-73. 
20. Linscheid P, Seboek D, Zulewski H, Keller U, 
Muller B(2005): Autocrine/paracrine role of 
inflammation-mediated calcitonin gene-related peptide 
and adrenomedullin expression in human adipose 
tissue. Endocrinology, 146(6):2699-708. 

21. Simon L, Gauvin F, Amre DK, Saint-Louis P, 
Lacroix J(2004): Serum procalcitonin and C-reactive 
protein levels as markers of bacterial infection: a 
systematic review and meta-analysis. Clinical 
infectious diseases,39(2):206-17. 

22. Schuetz P, Mueller B, Trampuz A(2007): Serum 
procalcitonin for discrimination of blood 
contamination from bloodstream infection due to 
coagulase-negative staphylococci. Infection,35(5):352. 
23. Miller F, Christ-Crain M, Bregenzer T, Krause 
M, Zimmerli W, Mueller B, Schuetz P(2010): 
Procalcitonin levels predict bacteremia in patients with 
community-acquired pneumonia: a prospective cohort 
trial. Chest, 138(1):121-9. 

24. van Nieuwkoop C, Bonten TN, van't Wout JW, 
Kuijper EJ, Groeneveld GH, Becker MJ, Koster T, 
Wattel-Louis GH, Delfos NM, Ablij HC, Leyten 
EM(2010): Procalcitonin reflects bacteremia and 
bacterial load in urosepsis syndrome: a prospective 
observational study. Critical Care, 14(6):R206. 

25. Pecile P, Miorin E, Romanello C, Falleti E, 
Valent F, Giacomuzzi F, Tenore A(2004): 
Procalcitonin: a marker of severity of acute 
pyelonephritis among children. Pediatrics, 114(2):e249- 
54. 

26. Cheval C, Timsit JF, Garrouste-Orgeas M, 
Assicot M, De Jonghe B, Misset B, Bohuon C, 
Carlet J(2000): Procalcitonin (PCT) is useful in 
predicting the bacterial origin of an acute circulatory 
failure in critically ill patients. Intensive care 
medicine,26(2):153-8. 

27. Cheval C, Timsit JF, Garrouste-Orgeas M, 
Assicot M, De Jonghe B, Misset B, Bohuon C, 
Carlet J(2000): Procalcitonin (PCT) is useful in 
predicting the bacterial origin of an acute circulatory 
failure in critically ill patients. Intensive care 
medicine,26(2):153-8 

28. Sand M, Trullen XV, Bechara FG, Pala XF, 
Sand D, Landgrafe G, Mann B(2009): A prospective 
bicenter study investigating the diagnostic value of 
procalcitonin in patients with acute appendicitis. 
European Surgical Research,43(3):291-7. 

29. Anielski R, KuSnierz-Cabala B, Szafraniec 
K(2010): An evaluation of the utility of additional tests 
in the preoperative diagnostics of acute appendicitis. 
Langenbeck's archives of surgery,395(8): 1061-8. 

30. Markogiannakis H, Memos N, Messaris E, 
Dardamanis D, Larentzakis A, Papanikolaou D, 
Zografos GC, Manouras A(2011): Predictive value of 
procalcitonin for bowel ischemia and necrosis in bowel 
obstruction. Surgery, 149(3):394-403. 


